Introduction
============

There has been extensive interest in sex differences in schizophrenia (SZ). The research runs the gamut from large scale epidemiological studies to smaller studies describing diagnostic and clinical differences. Some studies, including meta-analyses, suggest a modest increase in the incidence and prevalence of SZ among men.[@B1]-[@B3] More substantive differences in clinical features, particularly severity have been documented repeatedly. Women with SZ report affective symptoms, auditory hallucinations and persecutory delusions more frequently, with lower prevalence of smoking and substance abuse.[@B4] These authors also reported that male patients had more negative symptoms and cognitive deficits. Though a prospective, double blind placebo controlled trial comparing 24 male and 20 female patients did not find significant sex-based differences,[@B5] an extensive review suggested that optimal antipsychotic maintenance regimens differ between women and men.[@B6] A review of 76 studies on tardive dyskinesia (TD), published through 1989 suggested a significantly higher prevalence in women (26.6%) than in men (21.6%), with a tendency for more severe TD among women.[@B7]

There is substantial evidence that men with SZ suffer a more severe form of the illness and a more malignant course than women.[@B8] Women also have significantly better social function.[@B4],[@B9]-[@B11] Men are more likely to have an earlier age at onset, a variable correlated with more severe illness.[@B12]-[@B14] Sex significantly influenced global measures of function in a two year follow-up of 200 patients.[@B15] A systematic meta-analysis of twenty three studies detected a highly significant association between male sex and deficit SZ \[pooled odds ratio (OR)=1.75\].[@B16] Women with SZ exhibited a less deteriorated course of illness.[@B17] Not all studies have consistently reported a more severe form of illness among men.[@B11] Ten year follow up of 141 first admitted patients and patients with schizophreniform disorder reported no significant difference between men and women in clinical outcome.[@B18] Other conflicting results have also been reported.[@B19],[@B20] These differences likely reflect the heterogeneity of presentation of SZ, the likely impact of sample size variation and even subtle diagnostic differences.[@B21]

Under the assumption that the sex differences reflect the impact of factors that are inherent to the disorder, many investigators have explored biological factors. Some studies have revealed differences in imaging variables[@B22],[@B23] as well as chromosome related differences.[@B24] The most extensive focus has been on hormonal differences, possibly related to dopamine dysfunction.[@B14],[@B25]-[@B28]

It has been suggested that the later onset among women may be related to a protective effect of estrogens.[@B28] Convincing biological explanations for sex related clinical differences have not been obtained, possibly because such explanations do not take into account diverse influences, including social variables.[@B4],[@B29]-[@B31]

Almost all these data originate from Caucasian samples, but there is some evidence for ethnic variation with regard to these differences. For example, the well established sex difference in age at onset has not been detected in four studies from the Indian sub-continent.[@B32]-[@B35] Another group found that Asian patients had lower prevalence of TD than North American, European, and African patients.[@B7] Thus, cross-ethnic studies may provide additional insights into the sex differences in SZ.

We have analyzed differences among men and women in relation to clinical variation in two large independent samples, one recruited from north eastern USA and another from northern India. Both samples were recruited and evaluated using the same designs, enabling meaningful comparisons.

Methods
=======

Study design
------------

We aimed to identify variables with sex based differences that were consistent across the Indian and US samples. To reduce the likelihood of false positive results, analyses were conducted in two stages. In view of likely cross-national differences, we initially analyzed the samples separately using univariate analyses (Stage I). Only variables that remained significant following conservative Bonferoni corrections were retained for further analysis. These variables were used as dependent variables in multivariate analyses that included site as well as key demographic and clinical variables as covariates (Stage II).

Variables used for analysis
---------------------------

Patients with SZ or schizoaffective disorder were recruited from treatment facilities in US and India as described.[@B36],[@B37] The primary recruitment sites were Dr. Ram Manohar Lohia Hospital (RML), a publicly funded tertiary care center providing inpatient and outpatient care New Delhi, India and University of Pittsburgh, USA. Participants were sought among inpatients and outpatients at publicly funded hospitals and private clinics in both cities, so as to sample from the spectrum of care available at each site. Recruiters approached various psychiatrists in different private and public hospitals and requested the psychiatrists to refer willing persons with SZ or schizoaffective patients for the participation. The consented individuals were referred to us and after documenting informed consent, they were enrolled in to the study.

Briefly, potentially eligible patients diagnosed clinically with SZ or psychoses were interviewed using the English or the Hindi versions of the Diagnostic Interview for Genetic Studies (DIGS), a semi-structured interview schedule.[@B38],[@B39] The reliability of the English and the Hindi versions of the DIGS have been investigated.[@B38],[@B39] The DIGS includes sections covering different domains of psychopathology. Each section typically begins with screening questions that enable participants to \'skip out\' if initial responses are negative. The following sections of the DIGS were completed routinely: Demographic details, Medical history, Overview of psychiatric illness, Major Depression, Mania/Hypomania, Dysthymia, Alcohol abuse and dependence, Drug abuse and dependence, Psychosis, Comorbidity assessment, Suicidal Behaviour. Onset age of psychosis was assessed in a standardized manner as described in question 64 of psychosis section of the DIGS, in India as well as in US. Additional scales that form part of the DIGS were also administered, namely the Global Assessment Scale,[@B40] the Scale for Assessment of Negative symptoms,[@B41] the Scale for Assessment of Positive Symptoms,[@B42] Schizotypy Interview Schedule (SIS)[@B43] and the OPCRIT.[@B44] Information was also obtained from medical records, as well as from relatives and relevant clinicians. The information was synthesized and presented to board certified psychiatrists for consensus diagnosis. Inter-rater and inter-site diagnostic reliability was monitored throughout the study. All participants provided written informed consent, as required by the University of Pittsburgh Institutional Review Board and the Ethics Committee at Dr Ram Manohar Lohia Hospital, New Delhi.

Statistical analysis
--------------------

Variables were compared using the chi-square test or the Student\'s t-test as appropriate. The Bonferroni correction was used to account for multiple comparisons. We further analysed such statistically significant variables, using logistic regression and multinomial regression. The Statistical Package for the Social Sciences versions 14 and 16 (SPSS 14, 16) were used for all analyses.

Results
=======

Stage I: Univariate analyses
----------------------------

In view of \'skip outs\' in different parts of the DIGS, the number of participants who responded to individual questions varied. A total of 635 records each with 240 variables from USA and 891 records with 230 variables from India were included for analysis.

The demographic variables and DSM-IV diagnoses for the participants are provided in [Table 1](#T1){ref-type="table"}. There were 395 men in the US sample (62.2%) and 488 men in the Indian sample (54.8%). The mean age of the US participants was 38.6 years \[standard deviation (SD)=9.7\] and that of Indian participants was 30.7 (SD=9.6). The mean age at onset for the US participants was 20.2 years (SD=7.1) and that of Indian participants was 22.8 (SD=7.1). In the US sample, 46.3% of the men and 50% of the women had more than 12 years of education. In the Indian sample, 36.9% of the men and 39.1% of the women had more than 12 years of education.

### Sex based analyses

Age, onset age and education were not significantly different by sex in the US or the Indian sample. Additional comparisons by sex were then conducted.

### US sample

Among the US patients, significant male-female differences exceeded chance predictions (15/240 variables at p=0.02 or better, 6.25%; detailed list in [Supplementary Table 1](#S1){ref-type="supplementary-material"}). Following Bonferroni corrections for multiple comparisons, eight variables were significantly different ([Table 2](#T2){ref-type="table"}, [Supplementary Table 1](#S1){ref-type="supplementary-material"}). SZ was the more frequent diagnosis among men (66.6%). Among women, SZ and schizoaffective disorder were diagnosed more evenly (50.8% vs. 49.2%). The majority of male patients did not have children (77.8%), while proportionately more women (47.5%) had one or more children. A higher proportion of men (18.2%) had joined the military (71 participants). Cannabis abuse was more common among men (73.6%) than women (58.2%). Men were more likely to be unmarried (79.2% vs. 56.7%). Women were more likely to report the presence of thyroid or other hormonal disorders (male : female; 9% : 24.8%) or migraine headaches (male : female; 15.3% : 34.6%).

### Indian sample

Four variables were significantly different following Bonferroni corrections ([Table 3](#T3){ref-type="table"}, [Supplementary Table 2](#S2){ref-type="supplementary-material"}). Drug or alcohol consumption was more common among men than women. Women were more frequent in the category of \'showing emotions that did not fit for what was going on\' (men : women; 42.2% : 54.9%). Compared to women, more men were categorized as having continuous chronic illness with deterioration (Opcrit rating scale, Q1).

Stage II: Post-hoc multivariate analyses
----------------------------------------

After completing the univariate analyses, we conducted posthoc multivariate analyses to further explore the observed differences, in the presence of significant covariates. Only Bonferoni corrected significant variables from the Indian or the US samples were included as outcome variables ([Table 1](#T1){ref-type="table"}-[3](#T3){ref-type="table"}). In the combined US and Indian samples, age, age at onset and education were included as covariates, with sex and nationality as the independent variables. We included age at onset as an index of illness severity. The following variables were not included for post-hoc analyses due to lack of sufficient sample cell sizes in one or both samples: thyroid diseases, \'ever been in military\', \'ever used marijuana\', \'ever used hallucinogen to feel good or high\', \'ever consumed alcohol regularly\'.

Sex continued to be a significant predictor for four variables: course of the disorder \[p=0.00023; OR 0.66, 95% confidence interval (CI) 1.808, 1.984\]; life time history of \'showing emotions that did not fit for what was going on\' (p=0.00047; OR 0.638, 95% CI 0.496, 0.821), marital status (p=0.0011; OR 0.662, 95% CI 1.225, 2.255), number of living children (p=0.000001; OR 0.472, 95% CI 0.368, 0.606).

Discussion
==========

Several variables with sex related differences were noted in the US and the Indian samples, but four were noted across both samples through multivariate analyses. They include the course of the illness, history of inappropriate emotions, marital status and number of children. The consistency across very diverse settings noted for these variables likely underscores their importance in the presentation of SZ. Others have reported cross-national or ethnic variation in the course of the disorder,[@B8],[@B17] but the differences with regard to inappropriate emotions are novel, to our knowledge. We have previously reported on sex based differences in marital status and number of children in the USA, as well as India.[@B32] The samples analyzed in the present study overlap with the published data, so the present results should not be considered to be replications of our earlier report. Nevertheless, the consistency in sex based procreational indices reflects an important aspect of the disorder. The lack of overlap between the US and Indian samples for several other variables requires further investigation. Multivariate analyses revealed sex by nationality interactions for several of these variables (data not shown). It is possible that they are impacted by cultural, environmental or genetic differences across the sites.

Many of the sex based differences noted in the US sample are consistent with earlier reports. Two thirds of the US male participants were diagnosed with SZ, the remaining men being diagnosed with schizoaffective disorder. Men were more likely to be unmarried, to have fewer children than women and to have served in the military. They had more hospitalizations than women. In developed countries, sex has previously been reported to be significantly associated with diagnosis[@B2],[@B21]; marital status[@B2],[@B11],[@B13],[@B18],[@B19],[@B32] and number of living children.[@B32] Men are reported to have more hospitalizations and longer hospital stays than women.[@B10],[@B11],[@B45] Premenopausal women appear to experience an overall better course of the illness compared to men.[@B26] The sex based differences noted in our sample are thus consistent with several prior reports.[@B3],[@B4],[@B11],[@B26],[@B31],[@B45]-[@B48] These differences are postulated to be due to biological differences, including hormonal changes.[@B4],[@B28],[@B31] Others have suggested proteins encoded by sex chromosomes \[Monoamine oxidase (MAO) or candidates gene variants[@B24] as causal\].

Our Indian sample was ascertained and evaluated in the same manner as our US sample. It was substantially larger than the US sample. However, fewer variables differed significantly in the Indian sample following correction for multiple comparisons. Some variables showed sex related differences in both samples, though they did not remain significant following Bonferoni corrections ([Table 2](#T2){ref-type="table"}, [3](#T3){ref-type="table"}; [supplementary Table 1](#S1){ref-type="supplementary-material"}, [2](#S2){ref-type="supplementary-material"}). For example, migraine, as well as thyroid disorders was reported more often by women in the US sample. Thyroid disorders were also more commonly reported by Indian women, but migraine was not associated with gender in India. Thyroid disorders and migraine are more frequent among women in population based surveys,[@B49]-[@B51] so the sex differences observed here may not be related to SZ *per se*. Grandiose delusions were more common among men in both samples. Chu and colleagues[@B52] reported that men with SZ were slower, hypoactive, and grandiose, while Galdos[@B53] did not report such associations in a UK sample.

More men than women were likely to have used alcohol at least once in the Indian sample, consistent with Indian cultural traditions. A similar difference in lifetime alcohol use was not observed in the US sample, though US male patients were more likely to have used alcohol for at least 6 months on a regular basis. In both the samples, women were more likely to rate positive for the variable, \'returned to normal self at least two months\' (Q66, Psychosis section of DIGS). This is consistent with some earlier reports-Salem and Kring[@B31] documented that men had poorer course and medication response, poorer premorbid social and intellectual functioning.

Some limitations of the present study need to be considered. Though we aimed for representative samples, neither the US nor the Indian samples were ascertained randomly. Thus, neither sample can be considered representative of patients in the US or India. As there were no exclusions based on gender, however, the gender related differences noted here are unlikely to reflect selection bias. Medications very likely impact on many of the variables listed here, and men are known to receive higher doses of medications than women.[@B31] As accurate medication data were not available, we included age at onset in our multivariate analyses. As this variable is correlated with illness severity, we reasoned that it could function as a crude index of illness severity. In addition, we analyzed psychopathology in relation to lifetime occurrence.

Conclusion
==========

Four variables appear to be consistently observed across both samples, after accounting for key clinical and demographic variables. Different patterns of sex related differences were observed among US and Indian patients with regard to other variables, suggesting an impact of environmental/cultural factors.

Supplementary Material
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###### US sample: Nominally significant sex based differences

###### India sample: Nominally significant sex based differences

###### 

Demographic and clinical characteristics of the samples
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Numbers shown as means. The numbers in brackets indicate percentages for discontinuous variables or standard deviations for continuous variables

###### 

US sample: variables with significant gender differences following corrections for multiple comparisons
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^\*^p-values corrected for multiple comparisons. SZ: schizophrenia, SZA: schizoaffective disorder

###### 

Indian sample: variables with significant gender differences following corrections for multiple comparisons
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Only variables that would remain significant following Bonferroni corrections are listed. ^\*^p-values corrected for multiple comparisons. 1: single episode with good recovery, 2: multiple episodes with good recovery between episodes, 3: multiple episodes with partial recovery between episodes, 4: continuous chronic illness without/deterioration, 5: continuous chronic illness with deterioration. DIGS: Diagnostic Interview for Genetic Studies
